Abstract: Providing the marines expeditionary and amphibious assault forces with long range surface fire support missions is one of the responsibilities of the U.S. Navy. Meeting the U.S. Marine Corps (USMC) Ship-To-Objective Maneuver (STOM) and Operational Maneuver From The Sea (OMFTS) requirements required the prediction of the maximum achievable ballistic ranges for a 100 lbs, 5″ diameter/12 calibers, GPS guided, dart-like barrage round when fired from 5″, 155mm, 8″, 10″, 12″, 14″, 16″, and 18″ bore barrels that are 64 and 200 calibers in length at maximum breech pressures of 448MPa (65Ksi) and 896MPa (130Ksi.)
Introduction
The U.S. Navy's Naval Surface Fire Support Systems (NSFS) Program Office PMS 529, which is currently reorganized into the Program Executive Office (PEO) for Integrated Warfare Systems (IWS) Code PEO IWS 3C, has developed visionary objectives for using shipboard gun systems to provide marines expeditionary and amphibious assault forces with long range surface fire support missions that entail suppression of enemy defenses and artillery, execution of quick response call fires, and interdiction of moving counter offensives in addition to executing traditional destruction fires, preparation fires, counter fires, suppression fires, and area neutralization fires. Validation of these objectives and meeting the USMC STOM/OMFTS requirements 1,2 , Figure 1 , demanded modeling and simulating the range potential of a 100 lbs, 5″ diameter/12 calibers, GPS guided, dart-like barrage round, Figures 2 and 3, when fired from two sets of different caliber guns with barrel lengths of either 64 or 200 calibers, Figure 4 , that operate at a maximum breech pressure of 448 MPa (65 Ksi). A future projection of this range potential was also performed when gun technology permitting a maximum breech pressure of 896 MPa (130 Ksi) becomes available.
Analysis Methodology
The analysis consisted of the following interior and exterior ballistics tasks and subtasks:
Interior Ballistics
Shipboard Gun and Round Constraints
Establishing values for the following system parameters: (1) maximum breech pressure; (2) maximum round G loading; (3) maximum muzzle exit pressure; (4) propellant composition; and (5) travel at burnout. The table below shows the parameters chosen. 
Gun System Characteristics
The CONPRESS interior ballistics model, illustrated in Figure 5 , is used to compute the maximum muzzle velocity that satisfies the above constraints for each caliber. Additional characteristics needed are: (1) G loading; (2) charge mass, (3) chamber volume; (4) muzzle exit pressure; and (5) travel at propellant burnout.
Paper: ASAT-13-AE-25 3/16 CONPRESS 3,4 is a constant pressure interior ballistics code that predicts the performance of a gun from its physical parameters, the masses of the propelling charge and projectile, and the thermochemical properties of the propellant. The CONPRESS code is a FORTRAN based computer program. It is described in References [3] and [4] . This code was adapted to Microsoft Excel. A snapshot of this model is shown in Figure 6 . Excel's Solver was used to find the maximum muzzle exit velocity, U m , by changing the charge weight, m c , and chamber volume, V c , while ensuring that: (1) the G loading is less than or equal to 12500; (2) the travel at propellant burn-out is less than or equal to the barrel length; and (3) the validation tests for m c and x b are passed.
CONPRESS uses the following assumptions to calculate the energy imparted into the projectile by the gun:
o The Lagrange gradient adequately describes the gas pressure and velocities in the gun. o The propellant burns in an ideal manner. (This means, it is instantaneously converted into gas.) o The burn rate of the propellant is controlled to provide a constant chamber pressure until burnout. o After burnout, the gas expands adiabatically. o The gas is polytropic. CONPRESS uses the following equations to compute its parameters. The conventions are explained in the nomenclature section:
Paper: ASAT-13-AE-25
Once the maximum muzzle exit velocity is computed for each gun caliber, barrel length, and breech pressure, an exterior ballistics model using the lumped mass approach was developed.
Exterior Ballistics
This model was used to compute the maximum achievable range and optimum launch angle for each gun caliber, barrel length, and breech pressure set. The model entails the following modules;
Drag Function
This function was used to compute the total aerodynamic drag coefficient of the barrage round as a function of its flight Mach number and geometric characteristics using the McDrag 5 model. The core of this model is illustrated in Figure 7 .
The Atmosphere
This module uses the U.S. Standard Atmosphere 6 database to calculate the air temperature, pressure, air density, and speed of sound for various geopotential flight altitudes. The database was extended for use at altitudes over 85 km.
Analysis Limitations Sabot Design
The design of different caliber sabots, its volume, and weight calculations have the following limitations:
o Designs were mainly intended to provide ballpark weight estimates of different caliber sabots and were not intended to be in-depth detailed minimum weight designs. o The lower specific weights of advanced and innovative materials (ceramics, composites, and thermoplastics) were not addressed since cost minimization was a main consideration.
CONPRESS -Constant Breech Pressure Interior Ballistics Model
o Assumes a barrel with no well-defined chamber or transition region. o Provides an absolute measure of maximum muzzle velocity performance.
McDrag Function and Coefficients

This model assumes:
o Zero degree angle of attack. o No conning motion. o Nose first flight. o Errors in estimating drag coefficients for supersonic, transonic, and subsonic speeds are 3%, 11%, and 6%, respectively.
Results
Sabot Design
A sabot was designed for each gun caliber. Each of these sabots, with the exception of the 5″ gun sabot, is composed of three main elements:
o Pusher plate made of carbon steel (density 7.87 gram/cm 3 ) o 4-Segment sabot made of aluminum (density 2.7 gram/cm 3 ). Each segment is reinforced with two-0.25" thick ribs shaped as circular segments. o Nosecone made of fire retardant nylon (density 1.3 gram/cm
3 ) that provides an interface to the fuse setter.
The 5″ gun sabot entails the 4 sabot segments and the nosecone, but no pusher plate. The following table summarized the weights of individual elements and the total package weight reflecting weight savings after design refinements for each gun caliber. 
Exterior Ballistics
The following tables summarize the main results of the different runs of the exterior ballistics model. Figures 11 through 16 illustrate these results versus the gun caliber for the two barrel lengths and breech pressures: 
Conclusions
The 200-caliber gun barrels offer definite advantages over the 64-caliber barrels in terms of its: (1) longer range potential; (2) efficient propellant usage and economy for the smaller bore diameters; (3) lower projectile G loads, and (4) 
